Introduction
Proliferation of eosinophils is induced by stimulation with cytokines [1] and eosinophilia occurs in various clinical settings. Eosinophilia is often found in patients receiving allogeneic hematopoietic stem cell transplantation (allo-HSCT) and a relationship between eosinophilia and the outcome and/or graft-versus-host disease (GVHD) has been reported [2, 3, 4, 5, 6, 7, 8, 9, 10] . However, the role of corticosteroid (CS) therapy should be taken into consideration with regard to evaluation of eosinophilia after allo-HSCT, because it is known that eosinophilia is influenced by such drugs [11, 12] . Therefore, we retrospectively studied the impact of eosinophilia on the outcome of allo-HSCT by taking into account the influence of CS therapy.
Materials and Methods
Patients who underwent allo-HSCT for hematologic malignancies from January 2001 to December 2010 at the Kanagawa Cancer Center were retrospectively investigated. We defined eosinophilia as a peripheral blood eosinophil count of >500 µL on more than one occasion, while systemic steroid therapy meant CS administration at more than 0.5 mg/kg/day within 100 days after allo-HSCT. Standard-risk disease was defined as acute myeloid leukemia (AML)/acute lymphoblastic leukemia (ALL) in the first or second remission and myelodysplastic syndrome (MDS) without leukemic transformation, while highrisk disease was defined as all others. Grading of acute GVHD was done according to established criteria [13] .
Statistical Analysis
Statistical analyses were performed with R software (version 2.11.1; R Development Core Team). Differences between groups were analyzed by the Wilcoxon rank sum test or Fisher's exact test, as was appropriate for univariate analysis and logistic regression analysis for multivariate analysis. Overall survival (OS) was calculated from the date of transplantation to the date of death from any cause or the date of last follow-up. Non-relapse mortality was defined as death without disease relapse or resistance. Time-to-event curves were drawn according to the Kaplan-Meier method and the statistical significance of differences in survival was assessed by the log-rank test. Prognostic factors included age, sex mismatch, disease risk, conditioning regimen, GVHD prophylaxis, donor type, cytomegalovirus infection, CS therapy, and eosinophilia. Either the Cox proportional hazard model or the Fine-Gray proportional hazard model was used for analysis. Death without relapse was considered to be a competing risk for relapse, relapse was a competing risk for non-relapse mortality, and relapse and death without GVHD were competing risks for GVHD.
Results
A total of 204 patients received allo-HSCT for AML, ALL, or MDS. The median follow-up period was 5.7 years and patients' clinical characteristics are shown in Table 1 . The median age was 43 years (minimum-maximum: 17-65 years) and there were 102 patients of each sex. The underlying disease was AML in 126 patients, ALL in 63, and MDS in 15. Myeloablative conditioning was used in 153 patients and reduced intensity conditioning was employed in 51 patients. Donor cells were from bone marrow in 132 patients, peripheral blood in 34, and cord blood in 38.
Eosinophilia was detected in 71 patients (34.8%). Its appearance was associated with total body irradiation (TBI), unrelated donor, and CS administration within 100 days after transplantation by univariate analysis. However, no significant predictors of eosinophilia were identified by multivariate analysis (Table 1) . Among the 204 patients, 90 patients (44%) received systemic CS therapy. The reason for CS treatment was acute GVHD in 76 patients, engraftment syndrome in 4, interstitial pneumonia in 4, organizing pneumonia in 3, disease relapse in 1, diffuse alveolar hemorrhage in 1, and vasculitis in 1. The incidence of eosinophilia within 100 days after transplantation was higher in patients without CS (47/114 patients, 41.2%) than in patients with CS (24/90, 26.7%) (p=0.038). Among the 90 patients with CS, 11 were first given CS therapy after the appearance of eosinophilia. The frequency of eosinophilia was higher among patients who were not given CS therapy before eosinophilia appeared than among patients who were already receiving CS therapy (58/125 patients, 46.4% vs. 13/79, 16.5%, respectively; p<0.001).
The cumulative incidence of grade II-IV and grade III-IV acute GVHD was 45.1% and 18.6%, respectively. Table 2 shows the patients stratified according to CS treatment, GVHD grade, and occurrence of eosinophilia. There was no significant relationship between the grade of acute GVHD and occurrence of eosinophilia when patients were stratified by CS administration.
The OS, cumulative incidence of relapse, and non-relapse mortality rate are stratified according to eosinophilia and systemic CS therapy in Figures 1 and 2 , respectively. Patients with eosinophilia had a higher 5-year OS compared to those without eosinophilia (59.8%, 95% confidence interval [CI]: 48.9-73.1 vs. 45.4%, 95% CI: 37.5-55.0; p=0.016) ( Figure  1A ). In contrast, patients receiving CS therapy had a lower 5-year OS compared to those without CS therapy (38.9%, 95% CI: 29.9-50.7 vs. 60.9%, 95% CI: 52.3-70.9; p<0.001) (Figure 2A ). However, there was no significant difference in 5-year OS between patients with or without eosinophilia among those who received CS therapy (47.3%, 95% CI: 30.3-73.9 vs. 33.7%, 95% CI: 23.9-47.7, respectively; p=0.200) ( Figure 3A) . Similarly, there was no difference in the 5-year OS between patients with and without eosinophilia among those not receiving CS therapy (66.3%, 95% CI: 53.6-82.1 vs. 57.4%, 95% CI: 46.5-70.8, respectively; p=0.139) ( Figure 3A) . Furthermore, the cumulative incidence of relapse showed no significant association with eosinophilia ( Figures 1B, 2B , and 3B). However, non-relapse mortality was significantly higher in patients receiving CS therapy ( Figures 2C and 3C ). According to univariate analysis, eosinophilia was a good prognostic indicator for 5-year OS (hazard ratio: 0.6, 95% CI: 0.4-0.9; p=0.017), but it was not an independent prognostic indicator by multivariate analysis (hazard ratio: 0.8, 95% CI: 0.5-1.3; p=0.385). Finally, high-risk disease, unrelated donor, and CS therapy were adverse prognostic indicators for 5-year OS according to multivariate analysis (Table 3) .
Discussion
In the present study, we investigated the incidence and clinical implications of eosinophilia occurring within 100 days after allo-HSCT, and we also analyzed the prognostic value of eosinophilia in relation to the influence of CS administration. The incidence of eosinophilia (34.8%) in our patient cohort was comparable with that in previous reports, although the definition of eosinophilia varies among studies. It is well known that a decrease of eosinophils is caused by CS administration [10, 11] ; hence, we assessed the clinical implications of eosinophilia in relation to systemic CS administration. The incidence of eosinophilia was significantly lower in patients receiving CS treatment compared with that for those without CS treatment in the present study, and the same result for patients with acute GVHD has already been described [2] . In our study, MDS, use of TBI, and transplantation from an unrelated donor were also associated with a lower incidence of eosinophilia, but the reasons for these associations are unknown.
The relationship between eosinophilia and acute GVHD after allo-HSCT remains controversial. We could not find any association between eosinophilia and acute GVHD among patients with or without CS therapy in this study. Some previous reports suggested that eosinophilia is significantly related to the onset of acute GVHD [2,9,10]. However, Aisa et al. reported that the onset of eosinophilia within 100 days after allo-HSCT is associated with a lower rate of grade II-IV acute GVHD (43% vs. 98%; p<0.001) [3] . They speculated that this association between eosinophilia and a lower incidence of severe acute GVHD may reflect the immunosuppressive effect of Th2 cytokines, which induce eosinophilia.
A relationship between the occurrence of eosinophilia after allo-HSCT and a good prognosis [2, 3, 4, 5, 6] has been reported previously. Only one study showed that there was no correlation between eosinophilia and the outcome of cord blood transplantation in adults [8] . In the present study, eosinophilia was associated with a better outcome by univariate analysis, but this was not confirmed by multivariate analysis. Since the incidence of eosinophilia differs among patients with or without CS treatment, we also analyzed its effect on prognosis in patients stratified according to systemic CS administration, but there was no significant impact of eosinophilia on the outcome in either group. Finally, multivariate analysis showed that high-risk disease, unrelated donor, and CS therapy were adverse predictors of survival with statistical significance. However, there is a limitation in that we did not treat eosinophilia and CS administration as timedependent covariates in multivariate analyses. Especially after allo-HSCT, systemic CS administration is done in patients who develop various complications, such as acute GVHD or pulmonary complications. Imahashi et al. reported that eosinophilia has an independent influence on the prognosis of patients with acute GVHD receiving CS treatment, but not that of patients without CS treatment [2] . Taking our results together with these findings raises the possibility that the severity of acute GVHD and CS therapy for GVHD may strongly influence transplantation outcomes regardless of eosinophilia. Furthermore, systemic CS administration is often done for allo-HSCT patients with severe complications in addition to acute GVHD, and eosinophilia may be suppressed in those patients. Our findings about non-relapse mortality in the presence or absence of CS treatment support this interpretation.
In addition to the relationship between eosinophilia and acute GVHD, there have been several reports on the pathogenesis of eosinophilia in the setting of allo-HSCT. Akhtari et al. reported that eosinophilia is observed in patients with eosinophilic pulmonary syndrome after allo-HSCT [14] , but there were no specific causes of eosinophilia in our cohort.
In conclusion, eosinophilia after allo-HSCT was not related to the outcome of transplantation or the incidence of acute GVHD in patients with or without systemic CS therapy, although this study had some limitations because it was a retrospective investigation conducted at a single institution.
